cm/set ( Mahnken and Jossi, in press). These sustained high filtering efficiencies may have resulted, in part, from stretching of the nylon mesh material. Clogging did not lower the efficiencies (as it might have done under less controlled conditions ) , because the flume tests were conducted in "clean" water.
The flume tests also revealed the presence of a core of low-velocity water behind the towing bridle. To obtain a more accurate measure of the volume of water entering the net, the flowmeter was moved from its central location to a point 25 to 40 cm from the center of the net (Fig. 2) ) where the flow better represented the average for the entire mouth. The requirement of vitamin B12 by many marine phytoplankters has been demonstrated in the laboratory (Droop 1957; Provasoli 1958 Provasoli , 1963 Lewin 1961; Strickland 1965) . However, there remains a need for an evaluation of its importance in marine ecology, for example, as in studies described by Menzel and Spaeth ( 1962) .
The earlier work on bioassay methods and concentrations of vitamin B12 in seawater has been summarized by Provasoli ( 1963) . More recently, Spurnov and Murauskaya ( 1964) variety of organisms and methods were used, so the reported concentrations represent responses to a number of analogues.
This note presents data on the distribution of vitamin B12 in the northeast Pacific Ocean. There are no previous data from this area.
We are grateful to F. A. J. Armstrong for collecting the Cruise 3 samples. We wish to thank Mr. Howard Shirley for preparing the figures.
METHODS
Samples of seawater were collected during three cruises ( Fig. 1) . Those collected on Cruise 1 ( January-February 1963) were obtained with Frautschy bottles; those on Cruise 2 (August-September 1964) with Van Dorn samplers that were sterilized with methanol before use; and those on Cruise 3 (May 1965) from Nansen bottles.
On Cruises 1 and 2, the samples (approx 1 liter) were immediately passed through PH (0.32-,u) Millipore@ filters and the sterile filtrates were then frozen in sterile acid-cleaned polypropylene bottles. On Cruise 3, approximately 50 ml of unfiltered seawater was frozen in sterile polypropylene bottles immediately after its removal from the sam-tamin concentration is not changed markedly by filtration either before or after freezing.
Before bioassay, all samples were thawed overnight in a refrigerator and diluted 1 : 2 ( in some cases 1 : 4) with a nontoxic charcoal-treated, aged seawater either to lessen seawater inhibition to the assay organism or to reduce the concentration of vitamin Ble to a level that would fall within the bioassay range. Other physical and chemical data on the samples were provided by personnel of the Scripps Institution of Oceanography.
The B12 bioassay method, employing the marine centric diatom Cyclotella nana ( clone 13-l)) has been described by Carlucci and Silbernagel ( 1966) . Radiocarbon uptake by cells of C. nanu ( 13-1) in expier. These samples were passed through ternal and internal standards after a 4%hr sterile PH Millipore @ filters just after thawincubation was used to calculate the amount ing in the shore laboratory.
Preliminary of B12 in the filter-sterilized seawater samlaboratory experiments have shown that vi-ple. C. nana ( 13-1) responds in varying degrees to a number of B12 analogues and hence may reflect the presence of any of these compounds. Several experiments on the effects of storage and freeze-thawing of the seawater sample on its B 12 content were carried out. In these investigations, the same sample was bioassayed twice during a period of several months.
RESULTS
The concentrations of vitamin B12 in the various samples are shown in Figs. 2, 3 , and 4. The concentrations ranged from undetectable amounts to more than 3.7 mpg/ liter.
The samples from Cruise 1 ( Fig. 2) ) generally had the highest amounts of B12 in the deeper waters (250 and 500 m). Samples from stations 160, 180, and 200, taken the greatest distance from the California coast, had patterns of distribution that resembled each other, with high amounts of B12 in the surface waters, a pronounced minimum at 25 and 50 m, and increases at greater depths. In contrast, samples from stations 60, 80, 90, and 100, located in the California Current, contained low amounts of B12 in surface waters.
In the northernmost stations, 23 and 24, Cruise 2 (Fig. 3) ) there were undetectable amounts of B12 in the upper 30 m; whereas in deeper waters the concentrations increased sharply. Samples in the upper 30 m at stations 26, 27, and 28, in contrast to those at the northern stations, contained measurable amounts of B12. Samples from the upper 30 m in the southernmost stations (32, 34, 36, and 38) had low or undetectable concentrations of Br2, and it was undetectable in the 15-m samples from these stations. Below 30 m, the concentrations gradually increased with depth.
At stations 1 and 2 of Cruise 3 ( Fig. 4 ) in the Santa Catalina Basin, closely-spaced samples were obtained. At station 2, the deepest sample was from the ocean floor at 1,300 m. The concentrations increased to 200 m at both stations with the highest amount (about 3.7 mpg/liter) at 200 m. At station 2, concentrations decreased with depth.
The concentrations of B12 in frozen samples of seawater did not change markedly over a period of 1.5 to 5 months (Table 1) . With possibly one exception, the concentrations found in both bioassays varied within the experimental error of the method and may be considered unchanged.
DISCUSSION
The variations in concentrations of vitamin B12 with depth confirm the results of Kashiwada et al. ( 1957 ) , Daisley and Fisher ( 1958 ), and Menzel and Spaeth ( 1962) . Daisley and Fisher ( 1958) found low vitamin B12 concentrations at the greatest depths ( average value, 0.57 mpg/liter), whereas at intermediate depths 110 m ) the concentrations were higher ( up to 5 mpg/liter ) . No conclusions could be made by them as to the cause of the variations with depth. In their 1956 data, there was an inverse relationship between vitamin and oxygen concentrations and they concluded that the vitamin was being formed as a result of respiratory activities. This relationship was not observed in samples obtained in 1957. In the Sargasso Sea, Menzel and Spaeth (1962) ples. In the samples from the upper waters, there was generally an inverse chlorophyll and vitamin B 12 relationship. Zooplankton biomass was greatest in the northern stations of Cruise 2 where the vitamin was undetectable.
Holm-Hansen, Strickland, and Williams ( 1966) studied 16 variables in detail in samples obtained from station 2, Cruise 3. Vertical profiles of these properties showed enough inflection points so that it could be concluded that a number of water layers existed in the water column. A number of corresponding inflection points was found at the same depths in the distribution of B12, and the vitamin concentration may be useful to characterize water masses. This is supported by the observation that the surface vitamin concentrations are higher in the eastern central Pacific Ocean than in the California Current (Cruise 1).
